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The Campus Mine: An Adaptable Instruction Approach Using 
Simulated Underground Geology in a Campus Building to Improve 
Geospatial Reasoning before Fieldwork  

INTRODUCTION 
Learning geological field skills is generally believed to 

be one of the most important aspects of a geoscience 
studentõs education. Unfortunately, factors such as time 
and expense often restrict the ability of programs to 
incorporate field components directly into each and every 
course. Many creative and effective approaches to address 
these factors appear in the geoscience education literature.   
Pilburn et al. (2002) use interactive visualization modules, 
in addition to other multimedia techniques. Knapp et al. 
(2006) tie several different exercises into a field context, 
and Rapp et al. (2007) were able to develop and improve 
student map projection skills. This article describes a 
relatively simple and adaptable approach to simulating 
field mapping by using a campus building set up to 
represent an underground mine (The Campus Mine).  

Even if geologists perform excellent surface mapping, 
they must often speculate on the subsurface geology.  
Effective predictions of the subsurface are an acquired 
skill derived from experience. Geoscience students at first 
are often intimidated and overwhelmed by all but the 
simplest subsurface predictions, typically geological cross-
sections. More complex predictions of subsurface 
geochemical behavior, structural relationships, solid body 
modeling, and so forth can be even more difficult. Taylor 
et al. (2004) describe some of the cognitive hurdles 
students face in complex visual displays and provide 
effective strategies for understanding topographic maps.   

Modern geoscience students have access to 
increasingly sophisticated technology and three-
dimensional (3D) modeling software packages.  
Nonetheless, there is an important and critical link to be 
made between the virtual world and the physical real 
world of the outcrop and the field setting. Furthermore, 
many teaching simulations and methods are often limited 
by significant time and preparation requirements. The 
underground mine mapping simulation described here 
provides a highly adaptable, physical, non -virtual venue 
for introducing students to a wide variety of these 
modeling techniques, while still preserving the tangible 
hands-on experience of nearly all aspects of actual field 
mapping.   

The purpose of the underground mine mapping 

simulation is to help develop mapping skills and the 
associated three-dimensional perception required for 
effective geological interpretation. Underground mines 
often provide an excellent look at actual rock exposures in 
three dimensions. For example, underground mining 
operations may expose a series of faults, intrusions, and/
or veins within a complex sedimentary sequence on one 
particular physical mine level. After completing mapping 
on that level, a mine geologist will typically project the 
intersected geology into areas of potential or possible 
future mining at different levels, revising and re -
interpreting the geology between levels as more exposure 
is produced with additional mining activity. The herein -
described underground mine mapping simulation allows 
the same opportunity for students, where different levels 
can be introduced or staged for students to map over a 
period of time.  

 The Adams State College class using the 
underground mine mapping simulation is a biannual 
senior-level, spring-semester field methods course (GEOL 
446, Field Methods) that prepares students for a 6-credit 
capstone field geology course conducted entirely in the 
field. Minimum course prerequisites for Field Methods 
include structural geology and at least one field -based 
class, with petrology and other courses strongly 
recommended. GEOL 446, Field Methods is a required 
course in the BS Geology degree track, one of four 
geoscience degree tracks offered by the Earth Sciences 
program within the Department of Biology and Earth 
Sciences at Adams State College. The degree requirements 
can be viewed at http://www.adams.edu/academics/
earthscience/degree/degree.php . The program has 45 to 
55 majors served by two full -time faculty members and 
one part-time faculty member.  The small department size 
allows a significant level of insight into student progress 
over a several-year period. Adams State College is located 
in south-central Colorado in the heart of the Rio Grande 
rift in Alamosa, Colorado, with a residential campus 
population of about 2500 students. Adams State College is 
also a designated Hispanic Serving Institution (HSI), 
although GEOL 446 historically has not had a high 
percentage of Hispanic students. In the most recent course 
offering, the class size was small with only 10 students, 
but class diversity was well balanced with regard to 
gender, college experience, and age. The class was 56% 
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ABSTRACT  
Geospatial skills are critical to effective geologic mapping, and many geoscience students experience challenges in 

developing good geologic interpretation and projection skills.  A physical (non -virtual) underground mine mapping  
simulation in a building on the Adams State College campus in Alamosa, Colorado, provides an excellent cost -effective 
and efficient learning tool to prepare students for actual field mapping, while improving spatial thinking using a 
physical hands-on setting.  In this simulation students act as mine geologists, completing simulated mine mapping work 
tasks.  Mapping and interpretive skills are enhanced in an adaptable, flexible, and easily implemented simulation that is 
software independent. The mine simulation is well received by students as an effective training and learning tool.    
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female, 67% traditional, and 33% transfer, with student 
ages ranging from about 20 to 55 years. Traditional 
students at Adams State College are defined as those less 
than 24 years of age or out of high school for less than 5 
years. Transfer students are those who have completed 
coursework at institutions other than Adams State 
College. 

Since 2001, Field Methods has used the underground 
mine mapping simulation with several different geology 
layouts. A standard textbook (Bevier, 2006) is used to 
provide basic introductions and effective exercises for 
geological field mapping concepts. The underground 
mapping simulation provides an exceptional application 
that addresses required geoscience skills. Excellent virtual 
exercises are available and can be used to complement the 
techniques described here, e.g., Pilburn et al. (2002). 

 

METHOD 
The Campus Mine Simulation  

Traditional, but by no means dated, field mapping 
techniques require effective data collection, organization, 
and interpretation. Underground mine operations or 
workings provide a unique opportunity to collect data in a 
small area on large-scale maps. Furthermore, multiple 
levels of underground workings, when mapped, provide 
an excellent opportunity for a wide variety of spatial 
analysis applications. But access to underground 
workings is seldom available for undergraduate 
coursework, especially in an operating mine where safety 
training, liability and other considerations must be taken 
into account. One notable exception to this lack of access is 

the Edgar Mine, operated for degree programs offered by 
the Colorado School of Mines.   

The underground mine simulation at Adams State 
College is set up in Porter Hall, a three-story building on 
campus (Figures 1, 2, and 3). The hallways and connecting 
stairwells provide an excellent physical layout of òadits, 
crosscuts, and shafts.ó These physical workings are 
mapped by students using basic Brunton and survey-tape 
techniques (Compton, 1985; Bevier, 2006) to generate a 
series of to-scale base maps of each level with 
corresponding cross sections. These can be compared to a 
mine òkeyó or master map. An example of a simplified 
master map is included to illustrate a basic tilted and 
faulted sedimentary sequence (Figure 2). Geological 
information is posted on the hallway walls using outcrop 
cards (Figure 4). The outcrop cards describe the geology at 
that location and range from simple position information 
to more detailed descriptions of structures, lithologies, or 
other information that might be collected from a mine 
wall. A more detailed outcrop card might include contact 
orientations and character, lithology relationships, small 
scale structural features, etc. Permanent geological 
information is not used, meaning that all information is 
easily removed at the conclusion of class. This feature not 
only allows the simulated geology of the mine to be 
customized but allows the mine scenario to be changed 
with every class.  

An important role -playing part of the simulation casts 
the students as mine geologists. Students receive memos 
from the Chief Mine Geologist (the class professor) 
describing the work needs or class assignment for the 

FIGURE 1. Simplified engineering drawing of the first floor of Porter Hall, showing 
the main hallway (adit), the office wing (crosscut) and stairwell (shaft) connecting to 
upper levels. The second and third floors of Porter Hall are similar in design. The 
main hallway is 150 ft. long, the office wing is 64 ft. long, and the stairwell is 20 ft. by 
16 ft. The inset shows an oblique view of the three levels (1 st, 2nd, and 3rd floors) of 
Porter Hall, drawn using Google Sketchup. View is to the northwest, floors are 14 ft. 
apart.   
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òmine work shift.ó The òmine work shiftó is generally 7 
days, although òproduction schedulesó are sometimes 
changed or òsafety issuesó suddenly preclude access. The 
intent of these changes is to both simulate actual mine 
conditions and reduce the effect of procrastination.   
Students get information via these memos on mine 
òconditions,ó i.e., when mine workings are accessible 
(new information is now posted in the hall), when faunal 
samples are back from the paleo prep lab (new fossils 
corresponding to lithologies are laid out in the lab to be 
examined), the geochemical results are back from the 

assay lab (data is now available for some samples), or 
when a union strike or safety inspection has closed off all 
or part of the workings (information is no longer posted 
on the hallway walls). Examples of these memos are 
shown in Figure 5. A final report describing the structure, 
lithologies, history, and other general geology is 
submitted at the conclusion of the mine mapping.  A final 
òstaff meetingó is held with the Chief Mine Geologist to 
discuss various interpretations and ore projections. The 
entire mine mapping exercise typically takes 3 to 4 weeks 
to complete. 

After students complete a base-map of the mine 
workings or layout, the geology information is posted 
using the previously -described outcrop cards. Obviously a 
complete view of an outcrop cannot be simulated.  Sample 
numbers are placed on outcrop cards that are attached to 
the òmineó or hallway walls (Figure 4). Each card refers to 
a rock sample that is available for description in the 
laboratory.  Structural information is indicated in a similar 
fashion. Contacts and faults are described on similar cards 
containing contact orientation information and 
corresponding lithologic relationships. Students plot 
locations and information on the base maps they 
generated in the first step of the simulation. The students 
then infer and project contacts, faults, and other mapped 
data into areas that are not òexposed.ó Depending on the 
class interest or focus, whole-rock analyses or other 
geochemical information, rock ages, faunal data, etc. can 
be provided after the initial mapping is completed, 
simulating the lag time associated with laboratory work.  
The same is true for any petrography, where matching 
thin sections are placed out for description after the initial 
map work is done. Students project the geology between 
the three floors of the building and produce a report with 
maps, cross sections and geologic history. An example of a 
projected fault is shown in Figure 3.    

Projecting the geology between floors is where most 
students encounter pitfalls. Virtually all students can 
visualize where vertical faults or other planar structures 
will intersect the overlying floors, but inclined projection 
intersections are less obvious. In general, students 
sometimes have difficulty accepting that their initial 
projections are indeed correct, leading to second-guessing 
and incorrect changes. This second-guessing may be due 
to lack of confidence and/or the inability to see the entire 
projected feature in one view. With surface outcrops it is 
sometimes possible to find another vantage point to 
confirm a geologic projection, but this is rarely possible in 
an underground setting. Instructor intervention in this 
case generally involves walking students through the 
halls/workings, double -checking their measurements and 
data plots, and discussing the projection. Readjusting to 
different map scales is sometimes a problem. Many 
students have prior experience with 1:24,000 scale 
topographic maps and discover that it takes a little bit of 
effort to get used to much larger map scales of 1:120 or 
1:240. However, none of these problems are 
insurmountable, especially with a walk through the 
òmine.ó  

Using a simple floor plan, it is possible to rapidly 
create a wide variety of geological scenarios to challenge 

FIGURE 2. Example of a simplified mine map key, 100 
Level, with locations of outcrop cards shown in call -outs. 
The corresponding outcrop cards are shown in Figure 4. 
The sample key refers to representative rock samples that 
are available for description in a laboratory room. 
Sample 1 is a granitic rock, and samples 2 through 6 are 
sedimentary rocks. Note that any other materials related 
to the sample, such as thin sections, etc., would also be in 
the laboratory room. Refer to FIGURE 1 for hallway 
dimensions.  














